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An investigation of the performance of 
dye-sensitized nanocrystalline solar cell 
with anthocyanin dye and ruthenium dye as 
the sensitizers 
 
 
The modals of dye-sensitized nanocrystalline solar cell are made by us. The modals on the left are 
the anthocyanin dye solar cells. And the modals on the right are ruthenium dye solar cells. The 
photo are taken by us. 
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Abstract: 
As a new technology, in the solar cell field the dye-sensitized solar cell (DSSC) gives a 
technically and economically viable idea to develop the solar cell technology. 
Compared with conventional silicon solar cells, where the semiconductor assumes 
light absorption. The use of sensitizers have a broad absorption bandgap with 
semiconductor films of porous or nanocrystalline. According to this concept, we would 
like to rebuild the dye-sensitized nanocrystalline solar cell and investigate the 
performance of our modals. Moreover, we have used two dyes of anthocyanin dye and 
ruthenium dye. Due to our poor skill and ignore of the light source, we have got really 
low efficiency. Nevertheless, the solar cells can perform good ability to absorb the 
light. In the UV-VIS measurement, it is easily to observe the big difference of 
absorption ability for the two dyes. 
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Introduction 
 
Humanity uses a large amount of energy, which is mainly produce from fossil sources 
like: coal, oil, natural gas. The large and increasing energy demand of the world is the 
top 1 problem of the Humanity the next 50 years. [8] Energy can affect all kinds of 
development in the world, like environment, livelihoods, population levels, health, 
access to water, agricultural productivity, and education. Energy cost supplies also 
affects economic and social development. So in the next 50 years there is a greatest 
challenge: To produce enough energy!  
 
In 1998, global annual energy was 12.7 TW (1TW=1*1012W). But in 2050 the global 
annual energy is estimated to 26.4-32.9 TW, in 2100 this number increases to 
46.3-58.7 TW.[13]  The Table below shows the estimated energy we can use by CO2 
neutral energy technologies in estimated:  
 
Table 1 Estimated maximum energy which can be produced from CO2 neutral 
technology [12] 
Bio-mass 7-10 TW (from the entire agricultural land 
mass of planet) 
Wind on land 2.1 TW (the wind speed required for 
sustainable energy generation, 5.1m/s at 
10m above the ground) 
Nuclear 8 TW (construction 8000 new nuclear 
power plants) 
Hydroelectric 1.5 TW (left to tap by damming all 
available rivers) 
 
Definitely it is not enough for the requirement, because the additional energy needed is 
greater than the total of all the energy currently produced. And it is unrealities to use all 
the agricultural land for the energy coups.   
 
So it is considering some other energy source, like solar energy, which is clean, 
inexhaustible (at least for several billion years). The energy which comes from the sun 
in 1 hour each day is more than all humankind activities consume in 1 year. There are 
different kinds of solar energy conversion, like conversion of solar energy to electricity 
by means of solar cells (Photovoltaic); cleavage of H2O to H2 and O2 by sun light; 
production of H2 from sun light and H2O (by modified cells of green algae).  
Photovoltaic is explored in the recent years. Like silicon solar cell, which is a direct 
generation of electrical energy, it cans covert sunlight directly into electrical energy. It 
is used widely in the daily life, like water pumping applications, handheld calculator or 
wrist watches. Compare with the nanocrystalline dye sensitized solar cell, the 
efficiency of silicon solar cell is 12%-18%, it is higher than the nanocrystalline dye 
sensitized solar cell but it has a key disadvantage: due to high costs. Silicon solar cell 
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requires large amounts very pure silicon, making them expensive to manufacture.  
 
Before the nanocrystalline dye sensitized solar cell was invented, there is a 
successfully way to get the solar radiation, by a sensitizer anchored on a rough titanium 
dioxide surface as a monolayer. It allows the incoming solar energy to be obtained 
efficiently no matter the oxide is covered only by a monolayer of dye. On a flat support, 
a monolayer of dye only absorb a little solar energy, because the light can not refract in 
the monolayer of dye, so efficiently is much lower than the nanocrystalline dye 
sensitized solar cell.   
 
Let us see the historical background of the nanocrystalline dye sensitized solar cell. It 
is interesting to focus of photography and photo-electrochemistry; both of them rely on 
photo-induced charge separation at a liquid–solid interface. The silver halides which 
used in photography have band gaps 2.7–3.2 eV, which is similar to TiO2, which is 
used in photo-electrochemical devices. By the work of Vogel in Berlin after 1873 [17], 
he attached dyes on the halide semiconductor grains. The first sensitization of a 
photo-electrode followed shortly after that, using a similar chemistry [6]. In several 
years later, the idea developed that the dye could function most efficiently if 
chemisorbed on the surface of the semiconductor [5, 9]. The concept is to use dispersed 
particles to provide a sufficient interface [2], then photo-electrodes where employed [7]. 
Titanium dioxide became the semiconductor of choice; it is one of the cheapest known 
large bandgap semiconductors. The material has many advantages for sensitized 
photochemistry and photo-electrochemistry: it is a low cost, widely available, 
non-toxic and biocompatible material, and it is even used in health care products as 
well as domestic applications such as paint pigmentation. One of the most popular dye 
is tris(2,2_-bipyridyl-4,4_-carboxylate) ruthenium(II), the function of the carboxylate 
being the attachment by chemical bands between the –COOH group and the two –OH 
groups of the TiO2 surface.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure1: Chemical structure of the tris(2,2_-bipyridyl-4,4_-carboxylate) ruthenium(II) 
[http://kuroppe.tagen.tohoku.ac.jp/~dsc/dye/collection.htm] 
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The technology developmenton 1991 [1] the sensitized electrochemical photovoltaic 
device comes, at that time the conversion efficiency is 7.1%. Since then the evolution 
has continued development. Due to improve the technology of increment the solar 
illumination, the structure of solar cell, dye photophysics [14] and chemistry electrolyte, 
the efficiency now over 10% [10]. Nanocrystalline dye sensitized solar cells are being 
developed because they have very few environmental impacts, simple and cheap. But 
the efficiency has not reached the level of silicon solar cell yet. 
 
 
 
 
 
 
 
 
Problem formulation 
Nowadays, Silicon Solar cell which has high efficiency and output at an affordable 
cost provides the highest grade multi-crystalline commercial solar cells. However, a lot 
of scientists are still researching on other kinds of solar cells which could bring in more 
benefits, such as high efficiency, low cost, high stability. Here, we choose one of them 
to investigate. How does the dye-sensitized nanocrystalline solar cell work? In this 
semester, we tried to make good solar cell modals in laboratory. And we also measured 
their performances which include the efficiency, stability and comparing the two kinds 
of dyes - the anthocyanin dye and ruthenium dye. 
Therefore, our problem formulation is: 
 
What’s the performance of the dye-sensitized nanocrystalline solar cell with 
athocyanin dye and ruthenium dye as the sensitizers? And which dye has more 
advance performance? 
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Theory 
2.1 The dye-sensitized nanocrystalline solar cell work process: 
 
The working process of dye-sensitized nanocrystalline solar cell is really complex.  
When the solar cell is working, there are several chemical reactions happening at the 
same time. Here is the main chemical equations occur between the two semiconductors 
glass plate when the cell is working.  
 
       TiO2 | S + hv →TiO2 | S* 
       TiO2 | S*  →TiO2 + e-| S+ 
       TiO2 | S+  + red →TiO2 + ox (red=the reduce form 
ox= the oxidation form) 
 
        S* + I- reduce form (mediator) → S + I. (Radicle) 
        2I. → I2 
          
I2 + I- → I3- 
(Where S stands for the dye molecule, when S is hit by light, it absorbs the photon 
energy, then S becomes to S* stands for excited dye molecule. After the excited dye 
molecule releases the ions, S* will become to S+ which is oxidized by TiO2. after that it 
will be reduced to the original form by the I-.)[11] 
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Figure2: the dye-sensitized nanocrystalline solar cell working process. 
[http://www.che.ntu.edu.tw/lab/kcho/D2.files/image002.gif] 
 
The mechanism in the sensitization of photography involves the energy transition. So 
that we have got a parameter electron injection that is, “the process of electron 
transfer occurring between a sensitizer (light absorber) and a semiconductor (a solid 
that conducts electricity poorly) when the sensitizer is exposed to light.”[15]. We use 
the dyes can be used to form a chemical group that can attach the surface of the 
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titanium dioxide in order that they have the suitable positions that is necessary for 
electron injection and sensitization. There are many excited electrons produced 
during the light absorption. Then they will be fast transferred in to the TiO2. After that 
TiO2 becomes to a semiconductor, this process of transference is call injection. The 
purpose of injection is to sensitize the TiO2 to the wide range of light absorption. 
“The process where a transparent substance is made is to respond to light. This 
involves the transfer of energy, or electrons, to the transparent substance by a 
sensitizer compound that absorbs light. The process is called sensitization.”[15] In the 
dye-sensitized solar cell, the electrons could be rapidly lost by the dye when the light 
absorption occurring. The electrons are then substituted by the mediator that contains 
oxidized form iodine and triiodide. Next step they will be obtained on the other glass, 
which is coated with the SnO2 semiconductor, with the catalyst. The mediator will go 
through cyclic oxidation and reduction in order that the process continues.  
 
2.2 Principle of Dye-sensitized nanocrystalline technicality 
 
The specialty of Dye-sensitized nanocrystalline solar cell is to use the natural dye 
which we distill from the black berry. Combining with the nanotechnology we are 
able to make the dye-sensitized nanocrystalline solar cell. First, we choose the 
titanium dioxide, which is nanometer size, mix with the acetic acid. Then put some 
dish washing to form a white ropy liquid (we call it as the TiO2 film solution). This 
solution should be spread on the glass coated with the semi conductive matter. So we 
need a glass as the carrier. Then we used the glasses coated with the SnO2. After it is 
dried, it should be put into the oven in which the temperature is 450 . Then after half 
an hour, the glass plate will be ready. In the film the acetic acid is evaporated. There 
will be many tiny spaces among the TiO2. See figure 2. The crystal TiO2 irregularly 
arranges on the glass. Therefore, the nanocrystalline structure has formed. This is a 
good technology which was invented a few years ago. It could improve a lot the 
efficiency of absorption of the dye because of the structure.  
 
2.3 Principle of absorption of radiation 
In the electromagnetic radiation, we are interesting the phenomena in the electric 
field, which are including transmission, reflection, refraction, and absorption. 
Especially, the radiation is responsible for the absorption of the waves. So we can get 
the wave parameters. “Period, p, it is the time required for passing the maxima and 
minima through a standard point. Frequency,ν, is the number of oscillations of the 
field that occur per second and is equal to 1/p. Another parameter the wave length,λ, 
which is the linear distance between any two equivalent points on successive waves” 
[16]
. Therefore, we can get the velocity =νλ. Then the sun light velocity, c, is 
c=νλ=3.0×108 m/s. if we want to know the interaction between the radiation and 
matters, first we need to understand the principle of the radiation. It is made up of 
parts of photon energy. The photon energy depends on the frequency of the radiation. 
It is given by E=hν, h is the Planck’s constant (6.63×10-31J.s). Then we can get 
E=hc/λ.  
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“Absorption is a process in which a chemical species in a transparent medium 
selectively decrease the intensity of certain frequencies of radiation”. According to 
this principle, the photon energy can be transferred to the atoms, ions, make them to 
the high energy level in order to become to the excited form. 
So, we can get TiO2 | S + hv →TiO2 | S* 
Next, we need bring in two more parameter to describe the how to decrease the 
intensity of radiation, transmittance (T) and absorbance (A). 
 
When the light go through a medium, the consequence that is the decrease of power is 
from P0 to P (P refer to power of radiation). So the transmittance (P is standing for 
power of beam) 
T=P/ P0. 
  
 
 Absorbance is defined by the equation: 
 A= -log10T=log P0/ P  
Figure3- Drown by ourselves Dec.2006: The absorbance of light. P is standing for 
power of beam.  
 
Molecule can be converted through three kinds of transitions. Molecule can be 
excited by ultraviolet, visible, and infrared radiation. Here, we focus on the visible 
light part. In the visible radiation excitation, the electron could promote from the low 
energy level to the high energy level. And the transition between two energy levels is 
called electronic transition. 
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Figure4- Drawn by ourselves, Oct.2006: this figure shows the energy transition in the 
electron injection.  
 
In the figure, we should divide it into two parts. One is the absorption of radiation 
process (from left to right), the other is the relaxation process (from right to left). 
First of all, let’s look at the absorption process. There are two energy levels which are 
LUMO (low unoccupy molecule orbital) and HOMO (high occupy molecule orbital). 
When the light comes to the plate, the molecule can get photon energy to convert to 
the excited form. Then the ion indicates to jump to the high energy level. 
Second, because the lifetime of the excited species is very short. Therefore, it is not 
so stable that it is very easy to release energy to revert to normal form. 
 
Beer’s law: 
For monochromatic radiation, we can simply defined the relationship of the path 
length l and the concentration c. then we get the absorbance is 
     A=ε.l.c 
Where ε is molar absorptivity, which depends on the units, used by l and c. l is the 
path of length, and the unit is often cm. And c is the concentration of the solution, we 
often use moles per liter. Therefore, we can find the unit of ε is L.mol-1.cm-1. 
 
We can combine the Beer’s law with the absorption of radiation principle, and then 
we can get: 
   A=log P0/ P=ε.l.c 
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Figure5- Drown by us Oct.2006: the nanocrystalline structure  
 
Figure 6- Drown by us Dec.2006: the monolayer structure.  
 
 
 
 
 
 
 
Here, we can compare the figure 6 to figure 5.  In 
the figure 6, it is monolayer dye-sensitized solar 
cell. For the structure, the light can go through or 
reflect from the layer. Therefore, due to this 
structure it cannot absorb so much photon energy. 
Its efficiency should be much less than 
nanocrystalline solar cell. 
For example: 
According to the principle above, let’s see the 
figure on the left. We can see that the absorption 
depends on the path length and the molarity. 
Therefore, we assume molarity is constant, and 
then we enlarge the length of the pathway in order 
to increase the absorption. It is the reason why we 
use the nanocrystalline structure. Following the 
way, we can improve the absorption about 700 to 
1000 times as before.  
Group 41                                            NIB 4th semester    
                                                       RUC                                                                       
- 13 - 
Experiment: 
 
3.1 Objectives of experimental procedure 
 
Materials list 
 
Table2 Materials list 
Chemistry materials Basic description of the materials 
TiO2(titanium dioxide powder) Very thin and light white powder 
To make the conducting film 
CH3COOH acetic acid solution  transparent Volatility liquid (solvent) 
 
H2O deionizer water Pure water (solvent) 
CH3CH2OH Ethanol Pure ethanol (solvent) 
Blackberries  Dark red Freeze fruit (the natural dye 
for the school modal) 
KI potassium iodide White powder (used for making the 
electrolyte) 
I iodine Black crystal (used for making the 
electrolyte) 
H2PtCl6 Light yellow liquid keep in the 
refrigerator at low temperature (used as 
the catalyst) 
acetyl acetone Volatility liquid with strong smell 
(solvent) 
C58H86O8N8S2Ru N719 dye 
Ruthenium dye 
Dark purple crystal (the dye used for 
the professional modal) 
3-methoxypropionitrile Volatility ,Toxic liquid (solvent) 
Ethylene glycol 
HOCH2CH2OH 
Volatility liquid (solvent) 
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Figure7: from left to the right is low concentration of N719 solution 0.018g in 250ml 
ethanol, high concentration of N719 solution 0.059g in 100ml ethanol, Electrolyte 
solution, acetic acid solution, TiO2 paste, surfactant(clear dish detergent), Electrolyte 
(impurity), anthocyanin dye.  
 
Equipment list 
 
1. Lab uniform 
2. Safety goggles 
3. Projective gloves 
4. Conductive transparent glass plates 
6. Surfactant (clear dishwashing detergent) 
7. Tweezers 
8. Glass stirring rod  
9. Absorbent tissue paper 
10. Cotton swabs 
11. Pipettes 
12. Heat source  
a. Low air flow hot air gun or paint stripping gun 
b. special oven can reach at least 450 
13. Tongs  
14. Petri dish or beaker 
15. Electrical balance 
16. Multimeter 
17. Beaker 
18. Filter paper, glassware for filtration 
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19. Binder clip. Two clips are used per cell. (The binder clips should be bent so that the 
pressure they exert is not too great the jaws should be partially opened.) 
20. Soft graphite pencil. (We use more professional material) 
21. Glass plate  
22. Injector 
23.500 Ohm potentiometer or variable load 
24. Hookup wire  
25. Alligator clips 
26. Glassine envelopes for storing glass plates 
27. Mortar and pestle 
28. Clamps, ring stand and ring for positioning solar cell in light source. 
29. UV-VIS spectrum  
 
3.2 Experimental process 
 
3.2.1 Process of making the solar cell  
 
(1) TiO2 film 
 
Prepare some of the SnO2 coated glass and wash with ethanol. The TiO2 film was 
prepared as follows: (in 1 ml increments) in a mortar add 9ml of acetic acid solution 
(the acetic acid in deionized water measure the PH is about 3-4) to 6g of TiO2 powder. 
The griding process mechanically separates the aggregated TiO2 particles due to the 
high shear forces generated. Add each 1 ml addition of the dilute acid solution only 
when the previous mixing and grinding has produced a uniform and lump-free paste. 
It should requires about half hour to grinding the TiO2 mixture in ventilate hood. After 
the griding process, the product will look like a diluted white paste. Because the acetic 
acid are very easy volatilized so it need to be kept the liquid in the dark airproof glass 
bottle. And because this liquid is not that easily daubed so add 5 drop acetyl acetone 
into 10ml water. Then mix it with this white ropy liquid. It allows the final suspension 
to more uniformly coat the glass plates.  
. 
 
Figure8: the doctor blading process. Taking the TiO2 paste put it on the SnO2 coated 
glasses surface. [11] 
The doctor process should prepare as follow: 
Took some clean glass conductive plates, use a multimeter set to ohms to check 
which side of the glass is conductive (very important),  and better to mark it with 
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some thing(we use pen to make a quite small point on the surface).  
Tape two pieces of adhesive to the top faces of the glass plates in order to mask a 
strip on both of sides of the glass plate. Another piece of adhesive should be taped 
along the top of the glass to be coated so as to mask a 4-5 millimeter strip.  
Making the adhesive tape around the glass plate is to prepare to form a 40-50 micron 
deep mold to control the thickness and the area of the TiO2 film layer.    
Put some of TiO2 in the middle of the glass plate.  
Held the glass rod horizontally, sweeping motion of the rod towards the bottom of 
the step and back over the film in the opposite direction. Repeat this motion until the 
material uniformly distribute on the SnO2 coat glass plate. 
Because the ethanol and the acetic acid are really easy volatile so the paste has to be 
spread fast, before it becomes dried. After we spread the ropy liquid symmetrically on 
the glass plates, put it at some ventilation place. 
After it dry (about 30min at 23 in the room), we put them into the oven. The 
temperature requirement is 450 and the time is 30 min. 
And when the film have to be remove from the oven be sure don’t connect it with any 
cold object directly otherwise the conductive glass plate will be break. Leave it and let 
it cooling down in the normal room temperature. 
    
 
Figure9: The original school solar cell model.  
 Because after our first test, this kind of cell model give a really bad efficiency (about 
0.003%) of light energy transform. The reason that why the cell gives that bad result 
we thought is the Electrolyte around the TiO2 film could give some short cut to this 
close circuit. Then it may affect the whole system’s efficiency. 
Next we try to use some new model to prevent this short cut situation. Because the 
short cut is out side around the TiO2 film area, so we create some film full of TiO2 area. 
Then we get some new model as below. 
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Figure10: The second design of TiO2 film.  
 
(2) Anthocyanin Dye (The blackberry solution) 
Crush 5-6 fresh blackberries, add 20 ml water. And also add methanol/ acetic acid 
/water (25:4:21 by volume). Filtered the solution we get a clear red liquid which is the 
anthocyanin dye what we need to make our school model solar cell.   
   N719 dye  
Low concentration dilutes 0.018g N719 dye in 250ml ethanol.   
High concentration of 0.5mM solution, 0.059g in 100ml ethanol. 
 
(3) Staining the TiO2 film with dye 
When TiO2 film cooling down to the room temperature. We put the film into the black 
berry solution let it be there stained about 3hours. When the TiO2 reacted with the 
anthocyanin dye solution, the film appeared purple color. 
Because the cyanine-Ti complex formed via the adsorption of the dye from solution 
onto the titanium dioxide surface, the sugar is linked to the chromophore by an ester 
linkage at the 3 position. [3, 11] 
 
 
 
Figure11: The anthocyanin dye combines with TiO2. This structure is the anthocyanin 
dye adsorbed to the titanium metal centers on the titanium dioxide surface. And it can 
transfer the excited electrons to the titanium dioxide and then transfer the electrons to 
the semiconductor plate. [11] 
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Figure12: Staining the TiO2 film with dye 
 
When the anthocyanin dye completely reacts with the titanium dioxide, then wash the 
film in water carefully. After that wash it with ethanol again in order to make sure that 
all the impurity has is cleaned. Gently dry the TiO2 film with a tissue then placed it on 
the table so that the film side is face up. It is important to dry the stained electrode and 
to remove the water from within the porous TiO2 film before the iodide electrolyte is 
applied to the film.  
When the anthocyanin dye reacts wit titanium dioxide surface, the color of the TiO2 
film appears violet color. When we took some of anthocyanin dye and react it with Fe3+ 
(FeCl3) the color changed from red to violet. It is a complex formation with Fe3+; this is 
the classical chemical identification test of phenols structure in the compound. [4] 
 
After dying the film with anthocyanin dye we try to use much more profession material 
N719 instead of nature pigment. 
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Figure13: The structure of the N719dye 
[http://kuroppe.tagen.tohoku.ac.jp/~dsc/dye/collection.htm] 
 
The molecule weight of N719 is 1188.55g/mol. From the structure of it we can see this 
molecule include two carboxyl molecules, and then it can react with hydroxyl on the 
TiO2 surface, so it is able to combine with the titanic dioxide film and produce H2O. 
But the N719 completely react with titanic dioxide film need at least 8hours.  
 
(4) Coating the counter electrode 
a. find some conductor glasses 
b. use 25µl for each plate. And smear 3/4of the plate.  
 
5. Electrolyte 
a. I=0.05mol (0.127g) KI=0.5mol (0.83g) 
b. solvent: ethylene glycol 10ml(but we use 3-methoxypropionitrile) 
c. mix them together 
 
Finally, we get these two opposing glass plates, we take a few drops of electrolyte and 
drop it on the film surface symmetrically. Taking the other counter electrode carried 
the catalyst-coated cover the film glass. Press these two plate together with gently 
power. Clip these two counters together with clamp and put it to some darkness place.  
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Figure14: Assembled solar cell 
To keep this cell have to notice that it must keep in darkness place, other wise the 
strong light will destroy the stability of the cell. We test the efficient get lower and 
lower after some day’s preservation under the strong light.  
 
 
3.2.2 Test process 
 
UV-VIS spectrum: 
 
In our project, the main part of experiment is to make solar cell modals and test the 
efficiency and stability of our solar cell modals. As the key part of our solar cell, dye 
is an influential element. It can affect the results directly. Therefore, here we attempt 
to measure the absorption of the solutions which are used during our experiment. 
Generally, we have tried two kinds of dyes which are used for school modal and 
professional modal. One is the anthocyanin dye which comes from the black berry 
solution. The other one is ruthenium dye (structural formula is C58H86O8N8S2Ru, we 
also call it N719 shortly), which is always used in the professional modals. We used 
this dye to make the solutions with two concentrations. One is low concentration 
(0.018g in 250ml ethanol). The other one is high concentration (0.059g in 100ml 
ethanol). 
 
The process of UV-VIS spectrum: 
 
1. Firstly, we need prepare the solutions which we will test later. 
2. The test samples requirement is that the solutions should be homogeneous and 
stable. So before we run the samples, the solution should be filtrated. 
3. Then we put the sample solution into a vial which is especially for the UV-VIS 
spectrum. The volume of the standard vial is about 3 ml.  
4. Open the computer and spectrophotometer. Put the samples into the 
spectrophotometer. Then start to run samples. (Sometimes we cannot get the 
results we wanted, because the equipment is not very stable. And there are some 
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conditions that could affect the results as well.) 
5. Sometimes our results are not so good. We often dilution the original sample. 
Normally, we always dilute 4 times as before. 
 
3.3 Test the efficiency of the solar cell 
 
Figure15-Drawn by ourselves, Oct. 2006: The device for measuring the voltage and 
the electric current. Voltage (V) is measured by a voltmeter and current (I) by an 
ampere meter. Keep the cell in the stable illumination and change the resistance. Read 
the changing number on the 500 Ohm potentiometer or variable load. 
  
For indoor measurements, the cell can be illuminated by a 75-W tungsten halogen 
lamp, use a plastic protect the cell in order to remove most of the heat from the light 
source. For the reason, we can easily calibrate the indoor light sources by adjusting the 
light intensity or distance from the cell to the light. We get this design as below.  
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Figure16: The measuring device. The parameter which we want to measure is the 
current at short cut, the voltage at the open circle, the max current and voltage in the 
device. Also the voltage of the light, it can be measured by the sensitization instrument. 
 
 Firstly we measure the values of the open circuit voltage and short circuit current and 
record it on the data sheet, then turn the resistance to zero increase the resistance value 
slowly carefully record all numbers.  
 
 When we got all the numbers, put them into the excel program and make some 
smooth I-V curve.All the data that we got, have been already put into this project’s 
appendix. 
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Figure17: the green light machine  
  
We want to measure how many photons path by the solar cell in one minute. And then 
we can use the data to calculate that how many percent of photons transform to 
electron in the nanocrystalline dye sensitized surface. 
 
We measured these two different dyes in the green light equipment. And got the 
number below 
 
Table3 the results of two different dyes in the green light equipment 
 I time photons 
anthocyanin dye 15.1µA 60sec 2332 
Ruthenium dye 
N719 
0.46mA 60sec 1110 
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Results and analysis  
4.1 UV-VIS spectrum: 
Here, we chose a few figure results from our experiment: 
 
Figure18: in this figure we used the anthocyanin dye to get a peak around 540 nm, 
forget the left peak, we guess that the result caused by impurity. And on the right 
hand the huge peak is the ultraviolet radiation part, which can be absorbed by a lot of 
dark color matters 
 
This is the result of anthocyanin dye. We can see the peak is around 540 nm. That 
means it can absorb the light wavelength of 540nm. This sample is 4 times diluted 
solution of black berry solution. 
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Figure19: in this figure we used high concentration of the ruthenium dye to get two 
peaks which are around 540 nm and 400 nm. On the right hand the huge peak is the 
ultraviolet radiation part, which can be absorbed by a lot of dark color matters. 
                                 
At first, we tested two times with the original sample and diluted sample, which are 
both of high concentration of the ruthenium dye (N719). For the original sample the 
result is not good enough. Then we decided to dilute it to 4 times. Therefore, we get the 
result like figure 18. Finally, we get that the N719 dye can absorb the wavelength of 
light around 540 nm and 400 nm.  
 
Figure20: in this figure we used low concentration of the ruthenium dye to get two 
peaks which are around 540 nm and 400 nm. On the right hand the huge peak is the 
ultraviolet radiation part, which can be absorbed by a lot of dark color matters. 
 
The result of low concentration of N719 dye solution is more or less the same as high 
concentration solution. Because of the difference of concentration, the absorption of 
two samples will be different. 
 
Now we use the UV spectrum in order to test the absorption of the two dyes. The 
ability of the two dyes is different. For the N719 dye, there are two peaks in the figures. 
However, there is only one peak of anthocyanin dye figure. Then we can imagine that 
the ruthenium dye can absorb much more light than anthocyanin dye. Therefore, if we 
use the ruthenium dye to make the solar cell, we can get an even higher efficiency solar 
cell. 
 
In the indoor experiment, we get a series of number and make the figure. All the 
number we got has been put in the appendix. 
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4.2 Indoor experimental 
 
In the indoor experiment, we get a series of number and make the figure. All the 
number we got has been put in the appendix. 
4.2.1 The standard solar cell (the cell from technological institution in 
taastrup,danmark) 
  
Table4. current-voltage curve for standard solar cell. The area of the standard solar cell 
is about 10cm2 and it be illuminated by 6*103 µv light source. The open circuit voltage 
is 492mV and the short circuit current is about 1.38mA 
 
 
1. the efficiency of the stander cell 
Calculate the efficiency of the stander cell 
 
Table5. Explanation each special character in the formula. 
Plight The power of the light source 
η Efficiency of the cell  
Voc The open circuit voltage 
Isc The shot circuit current 
ff Fill factor 
Pmax The maximum power point 
Imax The current When the Power reach to max 
value 
Vmax The voltage when the power reach to max 
value 
Reference solar cell 
0
0.2
0.4
0.6
0.8
1
1.2
1.4
0 100 200 300 400 500 
V mV
I mA  
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In this figure the Voc=492mV, Isc=1.38mA 
Pmax=fill factor *Isc*Voc 
Fill factor: ff=Imax*Vmax/Isc*Voc 
And the Imax=1.18mA, Vmax=345mV 
Plight=UV*0.0746W/m2 so P=6*103*0.0746=440W/m2 
The area of the stander cell is 10.5cm2  
Pmax=1.38mA*492mV*ff=678.96*10-6W 
η=Pmax/Area/Plight=678.96*10-6W/2/10.5*10-4=1.5% 
So the efficiency of the standard cell is 1.5% 
 
 
4.2.2 The solar cell of low concentration of Ru Dye 
 
Table 6. current-voltage curve for The low concentration N719 dye cell. The area of it 
is about 3.75cm2 and it be illuminated by 6*103 µv light source. The open circuit 
voltage is 280mV and the short circuit current is about 0.12mA 
 
 
η=Pmax/Area/Plight 
Pmax=fill factor *Isc*Voc 
Fill factor: ff=Imax*Vmax/Isc*Voc 
Other parameters do not change. 
But the availability area of our solar cell is about 3.75cm2  
Isc=0.12mA, Voc=280mV 
ff=0.24 
η=Pmax/area/Plight=0.062/44=0.015% 
 
 
 
Dye: N719  0.018g  Ethonal 250ml 
0
0.02 
0.04 
0.06 
0.08 
0.1
0.12 
0.14 
-50 0 50 100 150 200 250 300 
V mV 
I mA
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4.2.3 The solar cell of high concentration of Ru Dye 
 
Table 7: current-voltage curve for the high concentration N719 cell. The area of it is 
about 3.75cm2 and it be illuminated by 6*103 µv light source. The open circuit voltage 
is 280mV and the short circuit current is about 0.12mA 
 
 
η=Pmax/Area/Plight 
Pmax=fill factor *Isc*Voc 
Fill factor: ff=Imax*Vmax/Isc*Voc 
Plight=UV*0.0746W/m2 
Plight does not change.  
Then 
The area of this cell is the same as the other one, is about 3.75cm2 
The Isc=0.19mA and the Voc=383 the Imax=0.08mA,Vmax=110mV 
ff=0.108 
η=Pmax/area/Plight=0.009% 
 
 
 
 
 
 
 
 
 
Dye: N179 0.059g Ethonal 100ml 
0 
0.02 
0.04 
0.06 
0.08 
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4.2.4 The solar cell of anthocyanin Dye 
 
Table8: The current-voltage curve for the anthocyanin dye 
 
 
The area of this cell is the same as the others, is about 3.75cm2 
The Isc=0.12mA and the Voc=275 the Imax=0.06mA,Vmax=130mV 
 Pmax=ff*Voc*Isc=Vmax*Imax=7.8*10-6 
Plight=440W/m2 
η=Pmax/area/Plight=0.0052% 
 
After test and analyze our solar cell model, we can know that the efficiency of the 
stander cell is about 1.5%. The best cell what we made has the 1/100 efficiency of the 
stander cell. And all the others are extremely poor efficiency. However, when we use 
much more professional dye –the Ruthenium dye N719, the efficiency of the cell 
improved a great number. Unfortunately, when we increase the concentration of the 
N719 dye solution from 0.072g/L to 0.59g/L the efficiency of the solar cell 
anticipated to increase as the concentration of the solution, but decreased all most 
50%. Actually, we are not that sure what exactly caused this result, but we suspect the 
problem should be caused by the TiO2 film which is not collocated very well. And 
also each of semiconductor plate, in our lab, has their own resistance and some of 
them are quite large over than 50ohm.  
 
 
 
 
Anthocyanin dye 
0
0.02 
0.04 
0.06 
0.08 
0.1
0.12 
0.14 
0 50 100 150 200 250 300 
V mV
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IPCE (The incident monochromatic photo-to-current conversion efficiency): 
IPCE is standing for the incident photocurrent which is give by 
     IPCE= λ×φinj×ηc 
Because the equipment only can shoot green light photons, then use the IPCE calculate 
method to find how many percent photons was absorbed by the N719 dye solar cell 
and how many light energy transformed to electric energy. After that we can compare 
the number with our anthocyanin dye solar cell in order to distinguish which cell is 
much better to transform the green light photons energy (the wave length is about 
532nm). 
 
The incident photocurrent efficiency for the N719 solar cell. 
 
Table9 
R 0 ohm The resistance of 
the circuitry  
I 0.46mA The short circuit 
current  
 
In 60 sec there are 1110 photons though the solar cell board. 
Np= CN/ α or np= CN/ αNa 
Np: photon number 
CN: counter number 
np: amount of photons 
α: Conversion constant.α=2.27E-15 
I = dQ/dt (the Unit of Q is C)       Q= ∫0 tIdt = t*I= sec*A → A = C/sec 
 
The wave length of the green light is λ, λ= 532nm  
 
np = CN/ α = 1100/ 2.27×10-15=4.8×1017 photons 
 
Intensity= dnp/dt = dnp/dt= 4.8×1017 photons/60 sec= 0.8×1016 photon/ sec 
So 0.8×1016 electrons path though the solar cell every second. 
 
What is the charge of these electrons? 
Charge of one electron? 
qe =1.6×10-19 C 
charge of 0.8×1016 electrons 
dQ=1.6×0.8×1016-19 C=1.28×10-3C 
Imax= dQ/dt=1.28×10-3C/1sec =1.28mA 
IPCE(λ= 532nm) = Iobserved/ Imax ×100=0.46mA/ 1.28mA=36 
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IPCE of anthocyanin dye solar cell. 
 
np = CN/ α = 2332/ 2.27×10-15=10.27×1017 photons 
 
Intensity= dnp/dt = dnp/dt= 10.27×1017 photons/60 sec= 1.7×1016 photon/ sec 
 
So there are 1.7×1016 electrons path by the anthocyanin dye solar cell per second 
Table10 
R 0 ohm The resistance of 
the circuitry  
I 15.1µA The short circuit 
current  
 
qe =1.6×10-19 C 
charge of 1.7×1016 electrons 
dQ=1.7×1.6×1016-19 C=2.72×10-3C 
Imax= dQ/dt=2.72×10-3C/1sec =2.72mA 
IPCE(λ= 532nm) = Iobserved/ Imax ×100=15.1µA/ 2.72mA=0.55 
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Discussion  
 
After finished all the experiment, we can use these data to analyze and consult what is 
the advantages and disadvantages of N719 dye compared with anthocyanin dye, what 
can affect the efficiency of dye sensitized solar cell. 
 
Firstly, there is no doubt about that the TiO2 nanocrystalline is a really brilliant 
structure. After annealed they fuse to form a rough surface area. It’s much thicker than 
a monolayer surface. Its structure is formed as multilayer. The larger the surface area, 
the more dye molecules can combined with the TiO2 film and the light uninterrupted 
refract in the nanocrystalline structure therefore more photon energy can be absorbed 
by the sensitized dyes. For this reason the TiO2 nanocrystalline structure design 
improves the efficiency of dye sensitized solar very much. 
 
The ruthenium dye N719 is much more professional material than the anthocyanin dye. 
In our UV-VIS experimental part, we got the absorption curves that can be clearly 
observed that the N719 dye can absorb two different wave-length of light 
(approximately 540nm and 390nm) but anthocyanin dye only can absorb one 
wave-length of light(about 540nm). 
And in our green light experimental we actually find that the IPCE of these two dyes 
has quite huge discrepancy. The IPCE of N719 is about 36% but anthocyanin dye only 
has 0.55%. Then whatever to compare the energy conversion or visible light 
absorption Ruthenium dye N719 is much stronger than the nature dye. After we 
changed the dye, the efficiency has been improved from 0.0052 to 0.015,  it is almost 
300%.  However, there is still one problem need to be aware is that in our laboratory 
the ruthenium dye N719 emerge in the air for several days could be oxidation by the 
oxygen, the red color of N719 change to pink then the dye lose all the possibility to 
conversion the light energy. But the anthocyanin dye solar cell still can work in low 
efficiency.  
 
Although the N719 dye is such superexcellence dye compare with other dyes in our 
experimental it has an extremely poor efficiency. After many weeks learn and 
investigation, we got there some factor could reduce the cell’s efficiency.  
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Figure21: our experimental light source-halogen lamp. In the figure, the yellow light 
could clearly be observed. 
 
Outside equipment problem 
When we measure the efficiency of the cell, we choose the halogen lamp be our light 
source because it has powerful illumination. But we ignore that the dye has low ability 
to absorb the long wave-length and the wavelength of yellow light is around 600nm. 
Although the halogen lamp has powerful illumination the light energy could not be 
absorbed quite well by our dye sensitized solar cell. 
 
Interior structure error 
First of all, The TiO2 paste which we made by ourselves in the lab supply really poor 
film structure. We suppose that the TiO2 powder absorb to much water the TiO2 
molecular combine with H2O form a micelle. This material could difficult be separated 
to the dissociative TiO2 by our experimental process. Thereby, the porous structure of 
nanocrystalline film could not form faultlessly. Therefore such a poor nanocrystalline 
film decreases the ability of carrying dye, reducing the photoelectricity conversion 
efficiency. And also The TiO2 nanocrystalline film is not thick enough to carry the dye 
and absorb the solar energy. 
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Conclusion 
We want to investigate the performance of the dye-sensitized solar cell. First of all, we 
have made a few dye-sensitized solar cell modals. Then we built up the device 
following the circuit diagram. After that we recorded all the results by changing the 
magnitude of the resistance. Using the results we made the U-I curves in which we can 
see the open circuit voltage, the shot circuit current, the maximum value current and 
the maximum value voltage. In use of these results, we could calculate the fill factors 
and the efficiency. The efficiency of the standard solar cell could reach to 1.5%. 
Compared with the standard solar cell, the efficiency of our solar cell modals are only 
0.015%, 0.009% and 0.0052%. For the really poor efficiency solar cell, we presume 
that there are two main problems. One is that our technology of making the cell and 
material are very poor. The other one is that the neglect of the light source which is 
halogen light. During our experiment, we have tried to use two dyes to make our solar 
cell modals that are anthocyanin dye and ruthenium dye. Therefore, we used the 
UV-VIS spectrum to test the absorption of light of the two dyes. In the curves we got, it 
is very clear that ruthenium dye can absorb two parts of visible light. In the   IPCE 
measurement, we could observe the differences of photon-to-current efficiency 
between the anthocyanin dye and ruthenium dye clearly. The IPCE of N719 is about 
36% but anthocyanin dye only has 0.55%.Then for these two reason we can figure out 
that the ruthenium dye is much more advantage than the anthocyanin dye as a 
sensitizes in dye-sensitized solar cell. 
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Appendix 
 
1. In next 50 years, the top 10 problems are 
1) Energy 
2) Water 
3) Food 
4) Pollution 
5) Poverty 
6) Terror  and war 
7) Deseases 
8) Education 
9) Population growth 
[M. Grätzel, Chemistry Letters 34 (2005) 1. ] 
 
Number from our test 
 
The standard solar cell 
R V mv I mA P=IV 
10 19.7 1.3 25.61 
20 32.5 1.28 41.6 
30 45.4 1.29 58.566 
40 58.1 1.3 75.53 
50 71 1.3 92.3 
200 253.7 1.26 319.662 
300 344 1.16 399.04 
400 388 0.98 380.24 
450 400 0.92 368 
500 411 0.83 341.13 
550 417 0.77 321.09 
600 422 0.72 303.84 
700 430 0.63 270.9 
800 435 0.56 243.6 
900 439 0.5 219.5 
1000 442 0.46 203.32 
1500 450 0.3 135 
2000 454 0.25 113.5 
3000 457 0.17 77.69 
4000 459 0.13 59.67 
5000 460 0.11 50.6 
7000 461 0.09 41.49 
10000 461 0.06 27.66 
20000 462 0.04 18.48 
30000 462 0.01 4.62 
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 Athocyanin dye 
      
R V mv I mA P=IV Imax*Vmax ff=Pmax/E35 
0 0.6 0.12 0.072 32.88 0.231022 
150 14.1 0.11 1.551   
200 18.2 0.11 2.002   
210 18.5 0.1 1.85   
330 27 0.1 2.7   
450 34.8 0.1 3.48   
500 37.9 0.09 3.411   
550 40.9 0.09 3.681   
600 43.3 0.09 3.897   
700 49.5 0.09 4.455   
950 61.9 0.09 5.571   
1000 65.1 0.08 5.208   
2000 97 0.07 6.79   
3000 123.7 0.06 7.422   
3500 135.5 0.05 6.775   
4000 145.6 0.05 7.28   
5000 146.6 0.05 7.33   
6000 177.7 0.04 7.108   
7000 189.9 0.04 7.596   
8000 202.2 0.03 6.066   
9000 211.9 0.02 4.238   
20000 251.7 0.015 3.7755   
30000 261 0.01 2.61   
100000 274 0 0   
 
 
The low concentration N719 dye 
R V mv I mA P=IV Imax*Vmax ff=Pmax/E93 
0 0.7 0.13 0.091 34.619 0.344146 
10 1.7 0.12 0.204   
250 23.4 0.11 2.574   
650 53.9 0.1 5.39   
1000 74.8 0.09 6.732   
2500 141.5 0.08 11.32   
3500 170.2 0.07 11.914   
4300 187.5 0.06 11.25   
6500 218.2 0.05 10.91   
10000 240.6 0.04 9.624   
15000 255.7 0.03 7.671   
25000 266.3 0 0   
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The high concentration of N719 
 
R V mv I mA P=IV Imax*Vmax ff=Pmax/E156 
0 1 0.19 0.19 70.11 6.735517 
30 5.5 0.17 0.935   
100 15.1 0.16 2.416   
150 21.2 0.16 3.392   
200 26.7 0.15 4.005   
300 36.3 0.14 5.082   
400 44.8 0.13 5.824   
500 52.6 0.12 6.312   
700 66.3 0.11 7.293   
1000 82.3 0.1 8.23   
1300 95.4 0.09 8.586   
2000 126.5 0.08 10.12   
3000 148.7 0.07 10.409   
4000 166.8 0.06 10.008   
5000 181.3 0.05 9.065   
8000 215.8 0.04 8.632   
10000 243.4 0.04 9.736   
20000 369 0.02 7.38   
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